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7RLPSURYHYHKLFOHVDIHW\LQIURQWDOFROOLVLRQVWKHFUDVKFRPSDWLELOLW\EHWZHHQWKHFROOLGLQJYHKLFOHV
LV FUXFLDO &RPSDWLELOLW\ FRPSURPLVHV ERWK WKH VHOI SURWHFWLRQ DQG WKH SDUWQHU SURWHFWLRQ SURSHUWLHV RI
YHKLFOHV$OWKRXJKFRPSDWLELOLW\KDV UHFHLYHGZRUOGZLGHDWWHQWLRQ IRUPDQ\\HDUV QR ILQDODVVHVVPHQW
DSSURDFK KDV EHHQ GHILQHG ),0&$5 )URQWDO ,PSDFW DQG &RPSDWLELOLW\ $VVHVVPHQW 5HVHDUFK LV D
UHVHDUFKSURMHFWVWDUWHGLQ2FWREHUWRDGGUHVVFRPSDWLELOLW\WHVWSURFHGXUHVDQGLVFRIXQGHGE\WKH
(XURSHDQ&RPPLVVLRQZLWKLQ WKH WK )UDPHZRUN3URJUDPPH7KH DLPRI WKH SURMHFW LV WR DQVZHU WKH
UHPDLQLQJ RSHQ TXHVWLRQV LGHQWLILHG LQ HDUOLHU SURMHFWV VXFK DV XQGHUVWDQGLQJ WKH DGYDQWDJHV DQG
GLVDGYDQWDJHV RI IRUFH EDVHG PHWULFV DQG EDUULHU GHIRUPDWLRQ EDVHG PHWULFV FRQILUPDWLRQ RI VSHFLILF
FRPSDWLELOLW\ LVVXHV OLNH VWUXFWXUDO LQWHUDFWLRQ LQYHVWLJDWLRQ RI IRUFHPDWFKLQJ DQG WR ILQDOLVH WKH WHVW
SURFHGXUHVUHTXLUHGWRDVVHVVFRPSDWLELOLW\:LWKLQWKHSURMHFWWKHUHVHDUFKDFWLYLWLHVIRFXVRQFDUWRFDU
IURQWDOLPSDFWDFFLGHQWV+RZHYHURWKHUFRQILJXUDWLRQVVXFKDVODWHUDOLPSDFWFDUWR+*9DFFLGHQWVHWF
ZLOOEHFRQVLGHUHGWRHQVXUHWKDWFKDQJHVPDGHWRFDUVWRLPSURYHWKHLUFRPSDWLELOLW\LQIURQWDOLPSDFWV
DUH QRW GHWULPHQWDO IRU RWKHU LPSDFW W\SHV7KH),0&$5 SURMHFW LV KDUPRQLVLQJ LWV DFWLYLWLHVZLWK WKH
*563LQIRUPDOJURXSRQIURQWDOLPSDFWDQGFRRSHUDWLQJZLWK(8&$5WRDGGUHVVUHOHYDQWVWDNHKROGHUV
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LPSURYHPHQWVUHGXFHGWKHQXPEHURINLOOHGVHH)LJ$OPRVWRIWKHURDGIDWDOLWLHVRIWKH
(8PHPEHUVWDWHVZHUHDOORFDWHGWRFDURFFXSDQWV)LJ
7KHSDVVLYHVDIHW\FDSDELOLWLHVRIFDUVLVPDLQO\DQDO\VHGE\FUDVKWHVWV&XUUHQWO\GLIIHUHQWIURQWDOWHVW
SURFHGXUHVDUHXVHGLQWKHGLIIHUHQWUHJLRQVRIWKHZRUOG7KHPRVWLPSRUWDQWWHVWSURFHGXUHVDUH
x 2IIVHWWHVWRIYHKLFOHZLGWKDJDLQVWGHIRUPDEOHHOHPHQWDVFXUUHQWO\XVHGIRUKRPRORJDWLRQRI
FDUVLQ(XURSH(&(5WKHFRQVXPHULQIRUPDWLRQWHVWSURJUDP(XUR1&$3WKH86LQVXUDQFH
FRPSDQ\,,+6DQGRWKHUV
x )XOOZLGWKWHVWDJDLQVWULJLGZDOODVFXUUHQWO\XVHGIRUKRPRORJDWLRQRIFDUVLQWKH86)0966
WKHFRQVXPHULQIRUPDWLRQSURJUDP861&$3KRPRORJDWLRQRIFDUVLQ-DSDQDQGRWKHUV

$IWHU WKH LQWURGXFWLRQRI WKHVH WHVWV LQSDUWLFXODU WKHRIIVHW WHVW WKH VDIHW\SHUIRUPDQFHRI FDUV KDV
LPSURYHG LQ WHUPV RI WHVW UHVXOWV +RZHYHU LW DSSHDUV WKDW FDUV UDWHG JRRG RU H[FHOOHQW LQ WKH WHVW
SURJUDPPHV GR QRW DOZD\V SHUIRUP ZHOO LQ FDUWRFDU DFFLGHQWV 7KLV EHKDYLRXU ZDV DWWULEXWHG DV
LQFRPSDWLELOLW\EHWZHHQ FDUV ,W LV WKLV FKDUDFWHULVWLF WKDWZDVGHHPHG LPSRUWDQW WR DVVHVV DQG LQLWLDWHG
GLIIHUHQWUHVHDUFKDFWLYLWLHV

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)LJ'LVWULEXWLRQRIURDGIDWDOLWLHVDPRQJVWURDGXVHUFDWHJRULHVLQ(8>(5)@
$FFLGHQWDQDO\VLV
2YHUWKHSDVWWZHOYH\HDUVVLQFHWKHLQWURGXFWLRQRIWKH(XURSHDQIURQWDOLPSDFWOHJLVODWLRQDQG(XUR
1&$3 WKH IURQWDO LPSDFW FUDVKZRUWKLQHVV RI FDUV KDV LPSURYHG VLJQLILFDQWO\ 7R LGHQWLI\ WKH FULWLFDO
LVVXHVWRDGGUHVVDQDFFLGHQWDQDO\VLVZDVGHYHORSHGZLWKWKHIROORZLQJREMHFWLYHV
x 7RGHWHUPLQHLIFRPSDWLELOLW\LVVXHVLGHQWLILHGLQSUHYLRXVVWXGLHV>(GZDUGV((9&@DUH
VWLOOUHOHYDQWLQWKHFXUUHQWYHKLFOHIOHHWLGHQWLILHGDV
R VWUXFWXUDOLQWHUDFWLRQ
R IURQWDOIRUFHPDWFKLQJ
R FRPSDUWPHQWVWUHQJWKLQSDUWLFXODUIRUOLJKWFDUV
x 7RGHWHUPLQHWKHFXUUHQWQDWXUHRIRFFXSDQWLQMXULHVDQGLQMXU\PHFKDQLVPV
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7RHQVXUHWKDWWKHUHVXOWVRIWKHZRUNZHUHUHOHYDQWWRWKHFXUUHQWIOHHWRQO\FDUVZKLFKZHUHFRPSOLDQW
ZLWK81(&(5RUKDGDQHTXLYDOHQWVDIHW\OHYHOLHQHZFDUVZHUHVHOHFWHGIRUWKHDQDO\VLV
'DWD6DPSOH
7KHDFFLGHQWGDWDEDVHVXVHGIRUWKLVVWXG\ZHUH
x 8.&RRSHUDWLYH&UDVK,QMXU\6WXG\&&,6
x *HUPDQ,Q'HSWK$FFLGHQW6XUYH\*,'$6

7KHIROORZLQJFULWHULDZHUHXVHGWRVHOHFWWKHGDWDVDPSOHVXVHGLQWKLVVWXG\
x &DULQYROYHGLQVLJQLILFDQWIURQWDOLPSDFW
x 7KHFDUKDVWREHFRPSOLDQWZLWK81(&(5HJXODWLRQRUHTXLYDOHQWVDIHW\OHYHO
x )URQWVHDWDGXOWRFFXSDQWVLHRYHU\HDUVROG
x 2FFXSDQWEHOWHG
x 2FFXSDQWVXVWDLQHGD0$,6LQMXU\
&RQFOXVLRQVIURP$FFLGHQW$QDO\VLV
3RRU VWUXFWXUDO LQWHUDFWLRQ EHWZHHQ YHKLFOHV LQ SDUWLFXODU ORZ RYHUODS DQG RYHUXQGHUULGLQJ RI FDU
IURQWVKDVEHHQLGHQWLILHGDVDQLVVXHLQWKHFXUUHQWYHKLFOHIOHHW7KLVZDVLGHQWLILHGLQRIIDWDODQG
RI0$,6LQMXUHGFDVHV+RZHYHURQO\LQRI IDWDODQGRI0$,6FDVHVZHUH WKHUH
LQWUXVLRQ SUHVHQW DQG WKXV LW FDQ EH VDLG GHILQLWHO\ WKDW LPSURYHG VWUXFWXUDO LQWHUDFWLRQ ZRXOG KDYH
LPSURYHGWKHVDIHW\SHUIRUPDQFHRIWKHFDU
)URQWDOIRUFHFRPSDUWPHQWVWUHQJWKPLVPDWFKEHWZHHQFDUVLQWKHFXUUHQWIOHHWDSSHDUVWREHOHVVRI
DQLVVXHWKDQSRRUVWUXFWXUDOLQWHUDFWLRQ,WLVLPSRUWDQWWRQRWHWKDWVWUXFWXUDOLQWHUDFWLRQSUREOHPVFRXOG
EHPDVNLQJIURQWDOIRUFHFRPSDUWPHQWPLVPDWFKSUREOHPV&RPSDUWPHQWVWUHQJWKRIYHKLFOHVLVVWLOODQ
LVVXH LQ WKH FXUUHQW YHKLFOH IOHHW HVSHFLDOO\ LQ DFFLGHQWV ZLWK KHDY\ JRRG YHKLFOHV DQG REMHFWV ,Q
SDUWLFXODU
R 7KHSURSRUWLRQRIEHOWHG0$,6LQMXUHGRFFXSDQWVZLWK$,6LQMXULHVFDXVHGE\µFRQWDFW
ZLWKLQWUXVLRQ¶&&,6*,'$6

:KHQDQRFFXSDQWVXVWDLQVDQLQMXU\FDXVHGE\µFRQWDFWZLWKLQWUXVLRQ¶LQWKHPDMRULW\RIFDVHVLWLVWKH
PRVW VHYHUH LQMXU\RIWHQD OHJRU WKRUD[ LQMXU\EXW VRPHWLPHVDKHDGRUDUP LQMXU\7KHUHZDVDKLJK
SURSRUWLRQ RI IDWDO DQG0$,6 LQMXULHV LQ DFFLGHQWV ZLWK KLJK RYHUODS ! DQG WKH SURSRUWLRQ RI
LQMXULHVUHODWHGWRWKHµUHVWUDLQW¶LQFUHDVHGZLWKRYHUODSZKHUHDVSURSRUWLRQRILQMXULHVFDXVHGE\µFRQWDFW
ZLWK LQWUXVLRQ¶ GHFUHDVHG ,W ZDV DOVR QRWHG WKDW WKHUH ZDV D KLJK SURSRUWLRQ RI IDWDO DQG 0$,6 
VXUYLYHG LQMXULHV IRU ORZ RYHUODS LPSDFWV 'HWDLOV RI WKH ),0&$5 DFFLGHQW DQDO\VLV DUH DYDLODEOH LQ
),0&$5'HOLYHUDEOHDQG-RKDQQVHQHWDO>-RKDQQVHQ@
),0&$53ULRULWLHVDQG6WUDWHJLHV
7KHJHQHUDODLPRI),0&$5LVWRGHYHORSDIURQWDO LPSDFWDVVHVVPHQWDSSURDFKDGGUHVVLQJVHOIDQG
SDUWQHU SURWHFWLRQ LQ RUGHU WR GHFUHDVH WKH LQMXU\ ULVNV LQ VLQJOH DQG PXOWLSOH YHKLFOH DFFLGHQWV )RU
FRPSDWLELOLW\ LW LV H[SHFWHG WKDW FRPSDWLEOH YHKLFOHV ZLOO GHIRUP LQ D VWDEOH PDQQHU DOORZLQJ WKH
GHIRUPDWLRQ]RQHVWREHH[SORLWHGHYHQZKHQGLIIHUHQWYHKLFOHVL]HVDQGPDVVHVDUHLQYROYHG
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$QDVVHVVPHQWDSSURDFKFRQVLVWVRIRQHRUPRUHDVVHVVPHQWSURFHGXUHV)RUWKH),0&$5SURMHFWLWLV
SURSRVHG WKDW WKH DVVHVVPHQW DSSURDFK FRQVLVWV RI D IXOO RYHUODS DQG DQ RIIVHW DVVHVVPHQW SURFHGXUH
DFFRUGLQJ WR WKH GHFLVLRQV RI SUHYLRXV UHVHDUFK LH 9&&RPSDW >(GZDUGV @ DQG ((9&:*
>((9&@,+5$>2¶5HLOO\@
7KH ),0&$5 PHPEHUV UHYLHZHG WKH SUHYLRXV UHVHDUFK DQG LQFRUSRUDWHG LQWHUQDO UHVXOWV ZLWK WKH
UHFHQWDFFLGHQWDQDO\VLV IURPRWKHU LQWHUQDWLRQDODFWLYLWLHV >&DUUROODQG3DVWRU@7KHUHVXOWV
LQGLFDWHGWKDWWKHSULRULWLHVRIWKHSURMHFWVKRXOGEHWRDGGUHVVVWUXFWXUDOLQWHUDFWLRQKLJKRYHUODSFROOLVLRQ
W\SHVDQGWKHULVNRILQMXULHVDULVLQJIURPDFFHOHUDWLRQORDGLQJ
,Q RUGHU WR DGGUHVV WKH XQGHURYHU ULGLQJ DVSHFW RI VWUXFWXUDO LQWHUDFWLRQ VWUXFWXUDO DOLJQPHQW LV
FRQVLGHUHG DV DQ LPSRUWDQW SDUDPHWHU 7R DGGUHVV VWUXFWXUDO LQWHUDFWLRQ D FRPPRQ LQWHUDFWLRQ ]RQH LV
QHHGHG7KH86YROXQWDU\FRPPLWPHQWIRUWKHFRPPRQYHUWLFDOLQWHUDFWLRQ]RQHLVFRQVLGHUHGDVWKHEDVH
OLQH:KHQORRNLQJDWWKHDFFLGHQWFDVHZLWKRYHUULGLQJLQYROYLQJWZRLGHQWLFDOYHKLFOHVORDGVSUHDGLQJ
UHODWHG WR WKHYHUWLFDODUUDQJHPHQWRI WKH ORDGSDWKV LVDOVR LPSRUWDQW/RDGVSUHDGLQJ LQ WKHKRUL]RQWDO
GLUHFWLRQLVDOVRDQLPSRUWDQWIDFWRUIRUDGGUHVVLQJVPDOORYHUODSFDVHV6WURQJFURVVEHDPVKHOSSURYLGH
JRRGLQWHUDFWLRQLQDFFLGHQWVZLWKQDUURZREMHFWVDQGFURVVEHDPVH[WHQGLQJRXWERDUGIURPORQJLWXGLQDO
PHPEHUVFDQLPSURYHVWUXFWXUDOLQWHUDFWLRQVLQFDVHVZLWKVPDOORYHUODSDWWKHFRUQHUV
(QHUJ\DEVRUSWLRQPDQDJHPHQWLVQHHGHGIRUWZRSXUSRVHV
x 7RHQVXUHWKDWWKHLPSDFWHQHUJ\LVDEVRUEHGLQWKHFDU¶VIURQWHQGVWUXFWXUHVZLWKRXWVLJQLILFDQW
FRPSDUWPHQWLQWUXVLRQ
x 7RFRQWUROWKHRFFXSDQWFRPSDUWPHQWGHFHOHUDWLRQSXOVH

7KHFRPSDUWPHQWLQWHJULW\IRUVLQJOHYHKLFOHDFFLGHQWVDQGFDUWRFDUDFFLGHQWVQHHGVWRUHPDLQDWWKH
FXUUHQWOHYHO+RZHYHULWLVOLNHO\WKDWERWK(&(5DQG(XUR1&$3DUHFRQWULEXWLQJWRWKHFXUUHQW
OHYHORIFRPSDUWPHQWLQWHJULW\DV(&(±5WHVWVWKHKHDYLHVWPRGHORIFDUZKLOVW(XUR1&$3WHVWVWKH
EHVWVHOOLQJ PRGHO EXW DW D KLJKHU VSHHG $FFRUGLQJ WR WKH GDWD DQDO\VHG WR GDWH WKHUH ZDV QR
RYHUUHSUHVHQWDWLRQRILQWUXVLRQFDVHVZLWKVPDOOHUYHKLFOHV7KXVLW LVQRWGHHPHGFULWLFDO WRSD\VSHFLDO
DWWHQWLRQ RQ LQFUHDVLQJ FRPSDUWPHQW LQWHJULW\ IRU VPDOOHU FDUV SDUWLFXODUO\ LI LW FUHDWHV DGGLWLRQDO WHVW
UHTXLUHPHQWV
,QRUGHUWRDGGUHVVWKHDFFHOHUDWLRQW\SHLQMXU\LVVXHD IXOORYHUODSWHVW WRDVVHVVUHVWUDLQWFDSDFLW\LV
SURSRVHG ,Q DGGLWLRQ WKH FRPELQDWLRQ RI IXOO IURQWDO DQG RIIVHW WHVWV LVPHDQW WR FUHDWH WZR GLIIHUHQW
SXOVHV
6HOHFWLRQRIWKHILQDODVVHVVPHQWDSSURDFKZLOOUHTXLUHHYDOXDWLQJWKHFDQGLGDWHWHVWSURFHGXUHVIRUWKH
)XOO:LGWKDQG2IIVHWWHVWFRQILJXUDWLRQ$VHWRISULRULWLHVKDVEHHQGHYHORSHGDQGDJUHHGE\WKHJURXS
WRJXLGHWKHVHOHFWLRQRIWKHILQDOSURFHGXUHV7KHSULRULWLHVKDYHEHHQVRUWHGLQWRILUVWDQGVHFRQGOHYHO
JURXSV WR SURYLGH WKHPRVW HIILFLHQW HYDOXDWLRQ DSSURDFK7KH ILUVW SULRULWLHV UHTXLUH WKDW WKH ILQDO WHVW
SURFHGXUHVFDQEHFRPELQHGWRHYDOXDWHRUSURYLGH

 $FRPPRQLQWHUDFWLRQ]RQHGHILQHGDVPP
 ,QLWLDO/RDGLQJRIEDUULHULVHYDOXDWHGDERYHDQGEHORZPP
 9HUWLFDO/RDGVSUHDGLQJHYDOXDWHGLQ3DUW
 9HUWLFDO/RDGVSUHDGLQJHYDOXDWHGEHWZHHQDQGPP
 +RUL]RQWDOORDGVSUHDGLQJEHWZHHQORQJLWXGLQDOPHPEHUV
 &XUUHQWFRPSDUWPHQWVWUHQJWKUHTXLUHPHQWVPDLQWDLQHG
 $SSURSULDWHVHYHULW\OHYHOVIRURFFXSDQWSURWHFWLRQ
 )LHOGUHOHYDQWSXOVHVLQWKHWHVWV
 &UDVKSXOVHVIURPDOOWHVWFRQILJXUDWLRQV
 $FFHSWDEOHUHSHDWDELOLW\DQGUHSURGXFLELOLW\SHUIRUPDQFH
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 $SSURSULDWHSDVVIDLOWKUHVKROGV
 1RVWHSHIIHFWVLQPHWULFV
 *RRGFDUVDVUDWHGJRRG
 3RRUFDUDVUDWHGSRRU

6RPHRIWKHVHSRLQWVDUHSDVVIDLOFULWHULDZKLOHRWKHUVUHTXLUHUHIHUHQFHFRQGLWLRQV,QWKHODWWHUFDVH
OLVWV RI GLIIHUHQW YHKLFOHV KDYH EHHQ LGHQWLILHG 7KHVH OLVWV FRQWDLQ YHKLFOHV ZLWK NQRZQ VSHFLILF
FKDUDFWHULVWLFVOLNHZHDNFURVVEHDPVRUWKHSUHVHQFHRIDORZHUORDGSDWK7KHILQDODVVHVVPHQWPHWULFV
PXVW GLVFULPLQDWH EHWZHHQ WKH GLIIHUHQW YHKLFOH EHKDYLRXUV GHSHQGLQJ %RWK SK\VLFDO DQG QXPHULFDO
YHKLFOHPRGHOVDUHXVHGLQWKLVH[HUFLVH
$QDO\VHG7HVW3URFHGXUHV
7KH SUHYLRXV ZRUN LQ FRPSDWLELOLW\ KDV LGHQWLILHG WKH QHHG IRU ERWK D IXOO ZLGWK DQG DQ RIIVHW WHVW
SURFHGXUH ,Q ),0&$5 IXOO ZLGWK RIIVHW DQG RIIVHW PRELOH GHIRUPDEOH EDUULHU 0'% WHVW DQG
DVVHVVPHQWSURFHGXUHVDUHEHLQJGHYHORSHG
)XOO)URQWDO7HVW3URFHGXUHV
2QH RI WKH PDLQ JRDOV RI WKLV SURMHFW LV WR GHYHORS D WHVW SURFHGXUH ZKLFK FDQ FRQWURO D YHKLFOH¶V
VWUXFWXUDODOLJQPHQWDQGSURYLGHD VHYHUHGHFHOHUDWLRQSXOVH IRU WKHDVVHVVPHQWRI WKH UHVWUDLQW V\VWHP
7ZRW\SHVRIIXOOZLGWKWHVWVDUHEHLQJLQYHVWLJDWHGRQHDJDLQVWDULJLGEDUULHU):5%DQGDQRWKHUZLWK
D GHIRUPDEOH EDUULHU DWWDFKHG ):'% )RU ERWK WHVWV WKH XVH RI D /RDG &HOO:DOO /&: GDWD ZLOO
FRQWURO WKH VWUXFWXUDO LQWHUDFWLRQ FKDUDFWHULVWLFVRI D YHKLFOHXVLQJ WKHPHDVXUHG IRUFHGLVWULEXWLRQ7KH
FXUUHQWGHIDFWRVWDQGDUGIRUD/&:LVRQHWKDWFRQVLVWVRIPPVTXDUHHOHPHQWVZLWKWKHERWWRPURZ
PRXQWHGZLWKDQPPJURXQGFOHDUDQFH)LJXUH

)LJ2YHUYLHZRIWKHVSHFLILFDWLRQVRIWKH/&:URZVFROXPQVKHLJKWRIJURXQG3DUW]RQH
7KH):5% WHVW LV FRQGXFWHG LQPDQ\ FRXQWULHV 86$&DQDGD -DSDQ HWF IRU ERWK UHJXODWLRQ DQG
FRQVXPHUWHVWLQJSURJUDPV7HVWVSHHGVUDQJHIURPWRNPK,QVWUXPHQWHG+\EULG,,,GXPPLHVDUH
W\SLFDOO\XVHGWRPHDVXUHRFFXSDQWUHVSRQVH
7KH):'% WHVW KDV D PPGHIRUPDEOH HOHPHQW >(GZDUGV @7KLV EDUULHU LV FXUUHQWO\ RQO\
XVHG LQ UHVHDUFK DSSOLFDWLRQV DQG LV QRW SDUW RI D UHJXODWLRQ RU FRQVXPHU WHVW SURFHGXUHV 7HVWV DUH
FRQGXFWHGZLWK+\EULG ,,, GXPPLHV WR DVVHVV RFFXSDQW LQMXU\ ULVN$OWKRXJK HVVHQWLDOO\ WKH VDPH WHVW
FRQILJXUDWLRQDVWKH):5%WKHDGGLWLRQDOKRQH\FRPELVLQFOXGHGWRDWWHQXDWHWKHLQLWLDOFRQWDFWZLWKWKH
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EDUULHU DQG LQWURGXFH PRUH VKHDU IRUFHV ZLWKLQ WKH YHKLFOH VWUXFWXUH 3DVW UHVHDUFK VKRZV WKDW WKH
GHIRUPDEOHHOHPHQWUHGXFHVWKHLQIOXHQFHRIVPDOOVWLIIVWUXFWXUHVVXFKDVSURWUXGLQJEROWVDQGWKHGULYH
WUDLQORDGVRQWKHEDUULHU
7KH):5%KDVWKHDGYDQWDJHRYHUWKH):'%VXFKWKDWWKH/&:PHDVXUHVYHKLFOHVIRUFHVGLUHFWO\
LH WKH\ DUH QRW ILOWHUHG E\ D GHIRUPDEOH HOHPHQW ,WVPDLQ DGYDQWDJH LV WKDW WKH ):5% LV HIIHFWLYHO\
DOUHDG\ WKHGHIDFWRZRUOGZLGHVWDQGDUG WHVW ,QFRQWUDVW WR WKLV WKH):'%KDVVHYHUDODGYDQWDJHVRYHU
WKH):5%WHVW7KH):'%LVPRUHUHSUHVHQWDWLYHRIUHDOZRUOGDFFLGHQWVHVSHFLDOO\LQLQLWLDOVWDJHRI
LPSDFW ZKLFK LV LPSRUWDQW IRU VHQVLQJ RI WKH FUDVK IRU UHVWUDLQW V\VWHP WULJJHULQJ 7KH HQJLQH GXPS
ORDGLQJLVDOVRDWWHQXDWHGVRLWLVHDVLHUWRPDNHDQDVVHVVPHQWRIYHKLFOHVWUXFWXUDOORDGLQJ)XUWKHUPRUH
WKHGHIRUPDEOH IDFH FDQ KHOSGHWHFW6HFRQGDU\(QHUJ\$EVRUELQJ6WUXFWXUHV 6($6 DQGKHQFH DVVHVV
WKHPEHFDXVHWKHGHIRUPDEOHIDFHµUHDFKHV¶LQWRWKHYHKLFOHDQGDOORZVWKHVHVWUXFWXUHVWRORDGWKHZDOO
HYHQ WKRXJK WKH\PD\ QRW EH LQ GLUHFW FRQWDFW ZLWK LW ,Q DGGLWLRQ LWHPV VXFK DV SURWUXGLQJ EROWV DQG
WRZLQJ H\HV DUH OHVV OLNHO\ WR LQIOXHQFH /&: PHDVXUHPHQWV 7KHUH LV DOVR WKH SRWHQWLDO WR DVVHVV
KRUL]RQWDO VWUXFWXUHV EXPSHU EHDPV2Q WKH RWKHU KDQG ORDG VSUHDGLQJ GXH WR WKH GHIRUPDEOH IDFH LV
JUHDWHUZKHQLQGLYLGXDOORDGFHOOVDUHHYDOXDWHG
)RUERWK WHVWV ):5%DQG):'%PHWULFV WRDVVHVVDYHKLFOH¶VDELOLW\ WRDSSO\ ORDGV LQDFRPPRQ
LQWHUDFWLRQ]RQHKDYHEHHQGHYHORSHG7KHVHPHWULFVDLPWRHQIRUFHYHUWLFDOVWUXFWXUDODOLJQPHQWEHFDXVH
WKLVLVWKHILUVWEDVLFVWHSWRLQFUHDVHWKHFRPSDWLELOLW\RIFDUFUDVKRXWFRPHV$IWHUDFRPPRQLQWHUDFWLRQ
]RQHLVGHILQHGLVVXHVVXFKDVKRUL]RQWDOGLVWULEXWLRQRUIURQWDOIRUFHFDQEHDGGUHVVHG
7KH VWUXFWXUDO DOLJQPHQW FRQFHSW LV EDVHG RQ DVSHFWV RI WKH 86 YROXQWDU\ FRPPLWPHQW IRU WKH
LPSURYHPHQW RI WKH JHRPHWULF IURQWDO LPSDFW FRPSDWLELOLW\ RI /LJKW7UXFNV DQG9DQV /79V >%DUEDW
@DQGWKHFXUUHQWLQYHVWLJDWLRQVE\-DSDQ><RQH]DZD@7KHFRQFHSWZDVGHFLGHGIROORZLQJWKH
UHYLHZ RI PHWULFV GHYHORSHG SUHYLRXVO\ HJ $+2) KRPRJHQHLW\ FULWHULRQ HWF 7KH DLP RI WKH 86
YROXQWDU\ FRPPLWPHQW LV WR HQVXUH WKDW /79V KDYH VWUXFWXUH LQ DOLJQPHQW ZLWK D FRPPRQ LQWHUDFWLRQ
]RQHNQRZQDVWKH³3DUW]RQH´WRHQDEOHEHWWHULQWHUDFWLRQZLWKFDUV7KLV]RQHH[WHQGVIURPWR
LQFKHV±PPPHDVXUHGYHUWLFDOO\IURPWKHJURXQG)LJ
0HWULFVIRU):5%WHVWV

7HVW GDWD IURP -1&$3 1+76$ DQG SUHYLRXV (XURSHDQ SURMHFWV ZHUH XVHG WR GHYHORS WKH PHWULF
SURSRVDOV0RUHWKDQYHKLFOHVZKLFKZHUHSUHYLRXVO\WHVWHGLQDIXOOZLGWKWHVWDWDVSHHGRINPK
UHVSHFWLYHO\NPKLQ-1&$3WHVWVKDYHEHHQXVHG7KHVWUXFWXUDOJHRPHWULFDOLQIRUPDWLRQIRUWKHVH
YHKLFOHVZDVDYDLODEOHDOWKRXJKVRPHRIWKHUHVXOWVKDGWREHDGMXVWHGWRDFFRXQWIRUWKHGLIIHUHQW/&:
JURXQGFOHDUDQFHV


237,21D7KHOLJKWWUXFN
VSULPDU\IURQWDOHQHUJ\DEVRUELQJVWUXFWXUHVKDOORYHUODSDWOHDVW
SHUFHQWRIWKHµ3DUW]RQH¶
237,21E$1'DW OHDVW  SHUFHQW RI WKH OLJKW WUXFN
V SULPDU\ IURQWDO HQHUJ\DEVRUELQJ
VWUXFWXUHVKDOORYHUODSWKH3DUW]RQH
237,21,IDOLJKWWUXFNGRHVQRWPHHWWKHFULWHULDRI2SWLRQWKHUHPXVWEHDVHFRQGDU\
HQHUJ\DEVRUELQJVWUXFWXUH6($6FRQQHFWHGWRWKHSULPDU\VWUXFWXUHZKRVHORZHUHGJHVKDOO
EHQRKLJKHUWKDQWKHERWWRPRIWKH3DUWEXPSHU]RQH
)LJ2SWLRQVIURPWKH86YROXQWDU\FRPPLWPHQWH[SODLQHG>%DUEDW@
7KHPHWULFVKRXOGEHDEOHWRLGHQWLI\YHKLFOHVZKLFKKDYHVWUXFWXUHVYHUWLFDOO\DOLJQHGZLWKWKHµ3DUW
]RQH¶DQGWKRVHZKLFKGLGQRW7KHOHYHORIYHUWLFDOJHRPHWULFDOLJQPHQWZDVDVVHVVHGEDVHGRQWKH
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WZRSDUWVRI2SWLRQRIWKH86YROXQWDU\FRPPLWPHQW>%DUEDW@DVVKRZQLQ)LJ0HWULFVDQG
DVVRFLDWHGSHUIRUPDQFHOLPLWVZHUHGHYHORSHGEDVHGRQWKH/&:IRUFHPHDVXUHGLQURZVDQGWRJLYH
WKHEHVWFRUUHODWLRQSRVVLEOHZLWKWKHDVVHVVPHQWRIWKHYHKLFOHPDGHXVLQJWKH86YROXQWDU\DJUHHPHQW
DSSURDFKµ2SWLRQ¶3($6DOLJQPHQW
7RHQVXUHWKDWWKHPHWULFVDVVHVVHGWKHYHKLFOH¶VVWUXFWXUHRQO\DQGQRWµHQJLQHGXPS¶ORDGLQJ/&:
GDWDEHIRUHWKHWLPHZKHQWKHHQJLQHORDGVWKHZDOOVKRXOGEHXVHG7RIXOILOWKLVUHTXLUHPHQWWKHPHWULFV
SURSRVHGZHUHEDVHGRQWKHORDGVPHDVXUHGLQURZVDQGRIWKH/&:EHIRUHWKHWLPHZKHQWKH/&:
WRWDOIRUFHZDVN1)RUYLUWXDOO\DOOFDUVWKLVDSSURDFKHQVXUHGWKDWWKHUHZDVOLWWOHQRHQJLQHORDGLQJ
RQWKHZDOOLQWKHSHULRGRIWKHLPSDFWWKDWWKHPHWULFDVVHVVHG,QDGGLWLRQWKLVDSSURDFKHQVXUHGWKDWWKH
PHWULFGHYHORSHGZDVPDVVLQGHSHQGHQWEHFDXVHDOOFDUVSXWDWOHDVWN1WRWDOORDGRQWKHZDOO
7KHSURFHVVIRUPHWULFGHYHORSPHQWLVLOOXVWUDWHGLQ)LJ7KHJHRPHWU\RIWKHORQJLWXGLQDOPHPEHU
EXPSHUEHDPDQGVXEIUDPHKHLJKWLVVKRZQIRUYHKLFOHVLQFRPELQDWLRQZLWKDJHRPHWULFDVVHVVPHQW
DFFRUGLQJWR2SWLRQDODEHOHGDV³SDUW]RQH´DQG2SWLRQEODEHOOHGDV³3($6´RIWKH
86YROXQWDU\FRPPLWPHQW7KHYDOXHVIRUWKHSURSRVHG),0&$5PHWULFVDUHVKRZQVXPIRUFHRIURZV
DQGVKDOOH[FHHGN1EHIRUHWKHWLPHZKHQWKHWRWDO/&:IRUFHLVN1ODEHOOHG³))!´
DQGVXPIRUFHRIURZGLYLGHGE\WKHVXPIRUFHRIURZVDQGVKDOOEHEHWZHHQDQGODEHOOHGDV
³)))´ ,W LV VHHQ WKDW WKHUH ZDV DJUHHPHQW EHWZHHQ WKH JHRPHWULF DVVHVVPHQW DQG WKH PHWULF
DVVHVVPHQWIRUDOOYHKLFOHVDSDUWIURPYHKLFOHVDQGPDUNHGZLWKD\HOORZFLUFOH+RZHYHU WKHVH
YHKLFOHVZHUHERUGHUOLQHFDVHVVRLWZDVGHHPHGDFFHSWDEOHWKDWWKHUHZDVQRWDJUHHPHQWLQWKHVHFDVHV
)XUWKHUDQDO\VLV VKRZHG WKDW WKHSURSRVHGPHWULFZDVDEOH WR LGHQWLI\ LQ JHQHUDOYHKLFOH VWUXFWXUHV
ZKLFKKDG3($6LQDOLJQPHQWZLWKWKH3DUW]RQHDQGWKRVHWKDWGLGQRW+RZHYHUVRPHLVVXHVZHUH
LGHQWLILHG ZKLFK UHTXLUHG IXUWKHU LQYHVWLJDWLRQ 7KHVH LQFOXGHG WKDW VRPH RI WKH WHVWHG YHKLFOHV ZHUH
ERUGHUOLQHLQWHUPVRIWKHJHRPHWULFYHUWLFDODOLJQPHQWSHUIRUPDQFHDQGPD\IDLOGHSHQGLQJRQLPSDFW
DFFXUDF\ )XUWKHUPRUH IURQW HQG LWHPVZKLFKZHUH IHOW WR KDYH OLWWOH LQIOXHQFH RQ FUDVK FRPSDWLELOLW\
VXFKDVWKHWRZLQJKRRNPD\SDUWLDOO\LQIOXHQFHWKHUHVXOWV


)LJ*HRPHWU\RIORQJLWXGLQDOPHPEHUEXPSHUEHDPDQGVXEIUDPHKHLJKWJHRPHWULFDODVVHVVPHQWDFFRUGLQJWR86YROXQWDU\
FRPPLWPHQWDQG):5%PHWULFDVVHVVPHQWIRUGLIIHUHQWYHKLFOHV
)XUWKHUGHYHORSPHQWRI WKH):5%PHWULF OHG WRDPHWULFZKLFKDOVRFRQVLGHUV IRUFHV LQ WKH VHFRQG
URZ7KLVPHWULFKDV WKHDGYDQWDJH WKDWYHKLFOHVZLWKD VHFRQG ORDGSDWKZLOO QRWEHGLVFRXUDJHG7KH
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FRQFHSWRIWKLVPHWULFLV WKDW OHVVORDGLQURZLVUHTXLUHGLIVXIILFLHQW ORDGLVDSSOLHGWRURZVDQG
/LPLWUHGXFWLRQ
0HWULFVIRU):'%WHVWV

'DWD IURP 9&&RPSDW $3526<6 $&($ %$6W 'I7 ):'% WHVWV DQG DVVRFLDWHG VWUXFWXUDO
JHRPHWULFLQIRUPDWLRQZHUHXVHGWRGHYHORSWKHPHWULF,QJHQHUDOWKHVDPHDSSURDFKZDVXVHGDVIRUWKH
):5%PHWULFV+RZHYHURQHPDLQDGYDQWDJHZLWK WKH):'%WHVW LV WKHDWWHQXDWLRQRIHQJLQHGXPS
7KHUHIRUHPHWULFVWKDWDVVHVVHGWKHYHKLFOHDWODWHUVWDJHVRIWKHLPSDFWFRXOGEHGHYHORSHGHJXSWRD
WLPHZKHQWKHWRWDO/&:IRUFHLVN1RUXSWRPV
'LIIHUHQW SURSRVDOV IRUPHWULFV KDYH EHHQ LQYHVWLJDWHG IRU WKH ):'% WHVW 7KH ILUVW ):'%PHWULF
FRQVLVWVRIDWZRVWDJHDSSURDFK,QWKHILUVWVWDJHXSWRWKHWLPHZKHQWKHWRWDOORDGFHOOZDOOH[SHULHQFHV
N1PLQLPXPIRUFHVRIN1DUHUHTXLUHGWREHPHDVXUHGLQURZV)DQG)$GGLWLRQDOO\
DPLQLPXPIRUFHUHTXLUHPHQWRIN1LQHDFKRI URZ)DQG) LVUHTXLUHG WRDVVHVV WKH ORDG
GLVWULEXWLRQEHWZHHQURZVDQG,QWKHVHFRQGVWDJHXSWRDQLPSDFWWLPHRIPVWKHIRUFHVLQURZV
)DQG)VKRXOGEHJUHDWHUWKDQN17KLVVWDJHZDVGHYHORSHGWRUHIOHFWWKHUHTXLUHPHQWVRI
WKH86YROXQWDU\DJUHHPHQWµ2SWLRQ¶DQGFKHFNWKDWLIDYHKLFOH¶VPDLQVWUXFWXUHVDUHQRWLQDOLJQPHQW
ZLWKWKH3DUW]RQHWKHQDVHFRQGDU\VWUXFWXUHLV7KHFXUUHQWSURSRVHGPHWULFIRUWKH):'%WHVWKDV
MXVW RQH VWDJH ZKLFK DVVHVVHV XS WR DQ LPSDFW WLPH RI  PV 7KLV PHWULF KDV D PLQLPXP IRUFH
UHTXLUHPHQW RI  N1 RU  RI WKH WRWDO /&: IRUFH LQ URZ  ) DQG URZ  ) 7KLV PHWULF
HIIHFWLYHO\ UHGXFHV WKH PLQLPXP IRUFH UHTXLUHPHQW IRU OLJKWHU FDUV )RU ERWK WKHVH PHWULFV D KLJK
FRUUHODWLRQZLWKWKHJHRPHWULFDVVHVVPHQWZDVUHDFKHGLQWKHGHYHORSPHQWSURFHVV
/RDG&HOO:DOO/&:VSHFLILFDWLRQDQGFHUWLILFDWLRQ

7R XVH D /&: LQ D UHJXODWRU\ SURFHGXUH VSHFLILFDWLRQ DQG FHUWLILFDWLRQ SURFHGXUHV DUH QHHGHG WR
HQVXUH WKH /&: XVHG LV DSSURSULDWH$ FROOHFWLRQ RI WKH VSHFLILFDWLRQ GDWD RI /&:V XVHG DURXQG WKH
ZRUOGKDVEHHQSHUIRUPHG WRJLYHDQRYHUYLHZRI WKHFXUUHQW VWDWXV)URP WKLVPLQLPXPSHUIRUPDQFH
VSHFLILFDWLRQVZLOO EHGHILQHG([DPSOHV DUHRYHUORDG FDSDFLW\ RIID[LV HUURU QRQOLQHDULW\ K\VWHUHVLV
FURVVD[LV VHQVLWLYLW\DVZHOO DV UHVRQDQW IUHTXHQF\DQG IUHTXHQF\ UHVSRQVH)XUWKHU VSHFLILFDWLRQV HJ
WKHGHWHUPLQDWLRQRIFURVVWDONRUWKHHYDOXDWLRQRIZDOOIODWQHVVDUHXQGHUGLVFXVVLRQ
&DOLEUDWLRQDQGFHUWLILFDWLRQPHWKRGVZLOOEHEDVHGRQH[LVWLQJSURWRFROVVXFKDV6$(-IRUORDG
FHOOFDOLEUDWLRQ$VWDWLFFDOLEUDWLRQPHWKRGDWWKHFHQWUHRIWKHORDGFHOOWRDVVHVVPHDQD[LVVHQVLWLYLW\
QRQOLQHDULW\DQGK\VWHUHVLVZLOOEHSURSRVHG,QDGGLWLRQWKHRIID[LVORDGLQJHUURUZLOOEHDVVHVVHG)LJ
+RZHYHUDWWKLVVWDJHLWLVFRQVLGHUHGXQOLNHO\WKDWDG\QDPLFWHVWZLOOEHQHFHVVDU\

)LJ2IID[LVORDGLQJRIDORDGFHOO
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)XUWKHU LQYHVWLJDWLRQV WR FRPSOHWH WKH VSHFLILFDWLRQ DQG FHUWLILFDWLRQ SURFHGXUHV DUH RQJRLQJ7KHVH
ZLOO LQFOXGH LQYHVWLJDWLRQ RI LVVXHV VXFK DV ZKHWKHU RU QRW WKH RYHUDOO IODWQHVV RI WKH /&: VKRXOG EH
VSHFLILHGDQGLIVRZKDWWKHOLPLWVVKRXOGEH
&RQFOXVLRQRI)XOO:LGWK7HVW3URFHGXUH

%DVHGRQWKHFRQFHSWRIµIRUFHLQDFRPPRQLQWHUDFWLRQ]RQH¶LQLWLDOSURSRVDOVIRUPHWULFVWRFRQWUROD
YHKLFOH¶V VWUXFWXUDO DOLJQPHQW KDYH EHHQ GHYHORSHG IRU ERWK WKH ):5% DQG ):'% WHVWV'LVFXVVLRQV
ZLWKLQ WKH JURXS LGHQWLILHG WKH DGYDQWDJHV RI WKH GHIRUPDEOH EDUULHU WKHUHIRUH WKH ):'% KDV EHHQ
FKRVHQDVWKHILQDOFDQGLGDWH7KHJURXSKDVSURSRVHGDPHWULFZKLFKHYDOXDWHVORDGVDSSOLHGWRWKH/&:
DERYHDQGEHORZWKHFHQWUHOLQHRIWKHFRPPRQLQWHUDFWLRQ]RQH3DUW]RQHEHIRUHDWLPHRIPVHF
)RUWKLVPHWULFDVHFRQGVWDJHLVQRWQHHGHG7KHFXUUHQWWHVWVSHHGLVNPKEXWLWPLJKWEHGHFUHDVHG
5HSHDWDELOLW\ DQG UHSURGXFLELOLW\ DQDO\VHV ZLWK WHVW GDWD IURP SUHYLRXV SURMHFWV VKRZHG SURPLVLQJ
UHVXOWVIRUWKH):5%DQG):'%PHWULFV)XUWKHUZRUNLVUHTXLUHGWRYDOLGDWHWKHVHPHWULFVDQGXSGDWH
WKHPLIQHFHVVDU\
2IIVHW7HVW3URFHGXUH
7KHPDLQREMHFWLYHVRI WKHRIIVHW WHVWSURFHGXUHDUH WRDGGUHVV VWUXFWXUDODOLJQPHQW ORDGVSUHDGLQJ
LVVXHVFRPSDUWPHQWLQWHJULW\DQGWKHUHVWUDLQWV\VWHPLVVXHVGLIIHUHQWWHVWSXOVHV
7KH FXUUHQW (&( 5 EDUULHU IDFH DQG WKH 3'% 3URJUHVVLYH 'HIRUPDEOH %DUULHU DV SURSRVHG E\
)UDQFH LQ SUHYLRXV SURMHFWV ZHUH WKH PDLQ FDQGLGDWHV 3UHYLRXV UHVHDUFK LQGLFDWHG WKDW ORDG FHOO
PHDVXUHPHQWVLQRIIVHW WHVWVGRQRWUHVXOW LQDSSURSULDWHDVVHVVPHQWRIWKHORDGGLVWULEXWLRQ)ROORZLQJ
WKLVWKHGHFLVLRQZDVWDNHQWRFRQFHQWUDWHRQWKH3'%DQGWRDVVHVVEDUULHUIDFHGHIRUPDWLRQ
7KHLPSDFWVSHHGDQJOHDQGRYHUODSIRUWKHH[LVWLQJRIIVHWWHVW5DUHEDVHGRQUHDOZRUGDFFLGHQW
GDWD DQG H[LVWLQJ WHVW SURFHGXUHV 7KH UHIHUHQFH VLWXDWLRQ LV D IURQWDO FDUWRFDU FROOLVLRQ ZLWK ERWK
YHKLFOHVWUDYHOOLQJDWNPKZLWKDQRYHUODSRIDQGDQLPSDFWDQJOHRIGHJUHHV7REHVWUHSUHVHQW
WKLVEDVHOLQHVLWXDWLRQWKHVLQJOHYHKLFOHWREDUULHUWHVWZDVGHULYHGDQGVHWWRNPKDQRYHUODSRI
ZLWKDQLPSDFWDQJOHRI]HURGHJUHHV
7KH 3'% WHVW VHYHULW\ QHHGV WR EH GHILQHG WDNLQJ LQWR DFFRXQW VXIILFLHQW FRPSDUWPHQW VWUHQJWK
UHTXLUHPHQWV 7KH EHVWZD\ WR DVVHVV WHVW VHYHULW\ LV WR XVH WKH GHIRUPDWLRQ HQHUJ\ H[SUHVVHG E\((6
HQHUJ\ HTXLYDOHQW VSHHG7KH SURSRVHG WHVW SURFHGXUH VKDOO HQVXUH D OHYHO RI((6 FRPSDUDEOH WR WKH
WRGD\¶V((6OHYHOREVHUYHGLQ(&(5DQG(XUR1&$3WHVWFRQGLWLRQVWKHUHIRUHWKH3'%WHVWVSHHGLV
IL[HGDWNPK7KHGHWDLOVRIWKHWHVWSURFHGXUHDUHGHVFULEHGLQ>'HODQQR\@
7KH 3'% WHVW LV D  SHUFHQW RYHUODS RIIVHW WHVW ZKLFK XVHV PHDVXUHPHQWV IURP D SURJUHVVLYH
GHIRUPDEOHEDUULHUWRDVVHVVFDU¶VFRPSDWLELOLW\LQWHUPVRISDUWQHUDQGVHOISURWHFWLRQ>'HODQQR\@
7KLVEDUULHULVFXUUHQWO\RQO\XVHGLQUHVHDUFKDSSOLFDWLRQVDQGLVQRWSDUWRIDUHJXODWLRQRUFRQVXPHUWHVW
SURFHGXUH
7KHSHUFHQWRYHUODSDQG WKHEDUULHUFKDUDFWHULVWLFVDOORZ WKH3'% WR LGHQWLW\ WKHPDLQ VWUXFWXUHV
LQYROYHGLQWKHIURQWDOFUDVK*HRPHWULFDOGDWDIURPSUHYLRXV(XURSHDQUHVHDUFKSURMHFWVVKRZQWKDWWKH
PDLQVWUXFWXUHVRIWKHYHKLFOHVZLOOLQWHUDFWZLWKWKH3'%
7KH EDUULHU VWLIIQHVV LQFUHDVHVZLWK GHSWK DQG XSSHU DQG ORZHU ORDG OHYHOV DUH XVHG WR UHSUHVHQW DQ
DFWXDO FDU VWUXFWXUH 7KH SURJUHVVLYH VWLIIQHVV RI WKH EDUULHU KDV EHHQ GHVLJQHG VR WKDW WKH (TXLYDOHQW
(QHUJ\ 6SHHG ((6 IRU WKH YHKLFOH VKRXOG EH LQGHSHQGHQW RI WKH YHKLFOH¶V PDVV 7KH XVH RI D 3'%
EDUULHUVKRXOGWKXVKDUPRQLVHWKHWHVWVHYHULW\DPRQJYHKLFOHVRIGLIIHUHQWPDVVHVE\HQFRXUDJLQJOLJKWHU
YHKLFOHVWREHVWURQJHUZLWKRXWLQFUHDVLQJWKHIRUFHOHYHOVRIODUJHYHKLFOHV
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7KHNH\GDWDXVHG LQD3'%WHVW DUH WKHSRVWFUDVKGHIRUPDWLRQVRI WKHEDUULHU$' LPDJHRI WKH
EDUULHULVUHFRUGHGLQWKHFRPSXWHUDQGWKHGHSWKDQGGLVWULEXWLRQRIWKHGHIRUPDWLRQVDUHXVHGWRDVVHVV
WKH YHKLFOH¶V FRPSDWLELOLW\ FKDUDFWHULVWLFV 0HWULFV DVVHVVLQJ WKH GHSWK DQG GLVWULEXWLRQ RI WKH EDUULHU
GHIOHFWLRQVDUHXQGHUGHYHORSPHQW LQ),0&$5,QVWUXPHQWHG+,,,GXPPLHVDUHXVHG WRUHFRUG WKHULVN
IRURFFXSDQWLQMXULHV
,Q D ILUVW VWDJH WKH PDS LPDJH LV ILOWHUHG E\ DQ DGGLWLRQDO ORZSDVV ILOWHU 7KHQ WKH PDS LV
QRUPDOLVHG VR DOO LPDJHV KDYH WKH VDPH GLPHQVLRQ DQG RQO\ YHUWLFDO DQG KRUL]RQWDO GHIRUPDWLRQV DUH
WDNHQLQWRDFFRXQW7KHJUDGLHQWRIWKHOHQJWKLVJLYHQWKHPDJQLWXGHRIFKDQJHRIVORSH+LVSURSRUWLRQDO
WRWKHVXPRIOHQJWKVRIWKHJUDGLHQWRIWKHPDSDWDOOSRLQWV
7KHPHWULF
7KH RIIVHW WHVW DVVHVVPHQW SURFHGXUH ZDV VXSSRUWHG E\ D GDWDEDVH RI  3'% WHVWV IURP SUHYLRXV
UHVHDUFK7KHEDUULHUGHIRUPDWLRQVRI WKHVH WHVWVZHUHDQDO\VHGDQG WDNHQDVD UHIHUHQFHIRU WKH IXUWKHU
PHWULF LQYHVWLJDWLRQV ,Q D ILUVW VWDJH WKH EDUULHUV ZHUH FODVVLILHG IROORZLQJ D VXEMHFWLYH DSSURDFK
JDWKHULQJWKHEDUULHUVWKDWVXJJHVWDJRRGSHUIRUPDQFHLQFRPSDWLELOLW\LQDILUVWJURXS*WKHEDUULHUV
WKDWVXJJHVWHGDEDGFRPSDWLELOLW\SHUIRUPDQFHLQDVHSDUDWHJURXS*DQGILQDOO\WKHEDUULHUVEHWZHHQ
*DQG*ZHUHFODVVLILHG LQ* ,QD VHFRQGVWDJH WKHEDUULHUV LQHDFKJURXS **DQG*ZHUH
FODVVLILHGIURPEHVWWRZRUVWSHUIRUPDQFHDOVRXVLQJVXEMHFWLYHFULWHULD
7KH VXEMHFWLYH FODVVLILFDWLRQ GHVFULEHG DERYH ZDV XVHG DV JXLGDQFH IRU DQ LQLWLDO VWDJH RI WKH
GHYHORSPHQW RI WKH PHWULF D JRRG FRUUHODWLRQ EHWZHHQ WKH VXEMHFWLYH FODVVLILFDWLRQ DQG WKH LQLWLDO
SURSRVDOVIRUPHWULFREMHFWLYHPHWKRGJLYHVDJRRGVWDUWLQJSRLQWIRUWKHGHYHORSPHQWRIWKHPHWULF7KH
SURSRVHG OLPLWV WREHXVHG LQ WKHPHWULFZHUHDOVRGHULYHGIURPWKHGDWDEDVH WHVWV WDNLQJ WKHREMHFWLYH
FODVVLILFDWLRQDVDUHIHUHQFH
'LIIHUHQWDSSURDFKHVIRUDVVHVVLQJWKHEDUULHUVFDQVZHUHGHYHORSHGDQGWHVWHGDJDLQVW WKHVXEMHFWLYH
UDWLQJ,QDGGLWLRQWRWKHGDWDEDVHDUWLILFLDOEDUULHUGHIRUPDWLRQVZHUHXVHGLQRUGHUWREHWWHUXQGHUVWDQG
WKH UDWLQJ 6HYHUDO SURPLVLQJ DSSURDFKHV ZHUH LGHQWLILHG EXW QR ILQDO FRQFOXVLRQ DQG YDOLGDWLRQ ZDV
SRVVLEOH
&RQFOXVLRQRI2IIVHW7HVW3URFHGXUH
7KHIXQGDPHQWDOVRI WKHDVVHVVPHQWPHWKRGXVLQJ WKH3'%RIIVHW WHVWKDYHEHHQGHILQHG'LIIHUHQW
PHWULFV KDYHEHHQ LQYHVWLJDWHG IRUDVVHVVLQJFRPSDWLELOLW\ LVVXHV7KH LQYHVWLJDWHGPHWULFVKDYH VKRZQ
VRPHFRUUHODWLRQZLWKDVXEMHFWLYHDVVHVVPHQW+RZHYHUEHFDXVHWKHPHWULFVWLOOQHHGVWREHGHYHORSHG
IXUWKHUDQGYDOLGDWHGDQGWKHPDMRULW\RIWKH),0&$5PHPEHUVGRQRWEHOLHYHWKDWLWLVSRVVLEOHWRILQLVK
WKLV WDVN ZLWKLQ WKH SURMHFW WLPHVFDOHV ),0&$5 GHFLGHG WR SURSRVH WKH FXUUHQW 2'% WHVW SURFHGXUH
OLNHO\ZLWKRXWDGGLWLRQDOFRPSDWLELOLW\PHWULFV IRU WKH),0&$5WHVWDSSURDFK ,WVKRXOGEHQRWHG WKDW
ZRUN WR GHYHORS FRPSDWLELOLW\ PHWULFV IRU WKH 3'% WHVW ZLOO FRQWLQXH ZLWKLQ WKH SURMHFW EHFDXVH WKH
),0&$5PHPEHUV EHOLHYH WKDW WKH 3'% WHVW KDV SRWHQWLDO IRU FRPSDWLELOLW\ DVVHVVPHQW LQ WKH ORQJHU
WHUP
0'%7HVW3URFHGXUH
7KHPDLQ JRDOV RI WKH0'% PRYHDEOH GHIRUPDEOH EDUULHU WHVW SURFHGXUH DUH WR DGGUHVV VWUXFWXUDO
DOLJQPHQW ORDG VSUHDGLQJ LVVXHV FRPSDUWPHQW LQWHJULW\ DQG WKH UHVWUDLQW V\VWHP LVVXHV GLIIHUHQW WHVW
SXOVHVDQG LQFUHDVHGFKDOOHQJH IRU OLJKWHUFDUV([FHSW IRU WKH LQFUHDVHGFKDOOHQJH IRU OLJKWHUFDUV WKH
0'%KDVWKHVDPHDVVHVVPHQWREMHFWLYHVDVIRUWKHRIIVHWWHVWSURFHGXUHXVLQJDVWDWLFEDUULHU
$OWKRXJK LQSULQFLSOH0'%WHVWVZLWKRIIVHWDQGIXOOZLGWKDUHSRVVLEOH),0&$5GHFLGHGHDUO\ LQ
WKHSURFHVV WRGHYHORSDQRIIVHW0'% WHVWRQO\7KHGHIRUPDEOHEDUULHU IDFHZDV VHOHFWHGEDVHGRQD
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WKHRUHWLFDO UHYLHZ RI H[LVWLQJ RIIVHW EDUULHU IDFHV 7KH 3'% ZDV FKRVHQ EHFDXVH LW RIIHUHG WKH EHVW
SRVVLELOLWLHV7KH0RYLQJ3URJUHVVLYH'HIRUPDEOH%DUULHU03'%ZDVRULJLQDOO\WHVWHGLQ$XVWUDOLDDQG
KDVEHHQIXUWKHUGHYHORSHGLQWKH1HWKHUODQGV>6FKUDP@
$V IRU WKH 3'% WKH 03'% WHVW VHYHULW\ QHHGV WR EH GHILQHG WDNLQJ LQWR DFFRXQW VXIILFLHQW
FRPSDUWPHQWVWUHQJWKUHTXLUHPHQWV7KHEHVWZD\WRDVVHVVWHVWVHYHULW\IRUWKLVDLPLVWRXVHWKH%SLOODU
DFFHOHUDWLRQYHKLFOHGHIRUPDWLRQDQGGHIRUPDWLRQHQHUJ\H[SUHVVHGE\((6HQHUJ\HTXLYDOHQWVSHHG
+RZHYHUWKHWHVWVHYHULW\LQDQ0'%WHVWLVGHILQHGE\WKHFORVLQJVSHHGRIWUROOH\DQGWHVWFDUDQGWKH
ZHLJKW UHODWLRQVKLSEHWZHHQERWK ,Q WKH LQLWLDO VWHSEDUULHUPDVVZDV IL[HGDWNJDQG WKHFORVLQJ
VSHHGZDVGHILQHGIRUDYHKLFOHZLWKDQDYHUDJHPDVVDWNPK
7KHPDVVRIWKHWUROOH\LVEDVHGRQD6ZHGLVKGDWDVKRZLQJWKHFXPXODWLYHGLVWULEXWLRQRIWKHYHKLFOH
IOHHWRI6ZHGHQLQ>6&%@DQGWKH(8LQ>,03529(5@%RWKGLVWULEXWLRQVDUHLQ
OLQH DQG JLYH DQ DYHUDJH YHKLFOHPDVV RI NJ7KLV LV DOVR EDFNHG XSE\ WKH$(0'% $GYDQFHG
(XURSHDQ0RYLQJ'HIRUPDEOH%DUULHU VLGH LPSDFW WUROOH\PDVVZKLFK LV DOVR VHW WR NJ >(OOZD\
@
)LJVKRZVWKHFORVLQJVSHHGRIIURQWWRIURQWFDUFROOLVLRQVEDVHGRQUHFHQWDFFLGHQWGDWD$FORVLQJ
VSHHG RI NPK LQOLQH ZLWK WKH EDVHOLQH WHVW ZLOO FRYHU RI WKH IURQWDO FDUWRFDU FROOLVLRQV LQ
WHUPVRIVSHHG7KHGDWDFRPHVIURPUHFRQVWUXFWLRQVRIDFFLGHQWVVDPSOHGE\*,'$6LQEHWZHHQWR
ZLWKQRUHVWULFWLRQRQFDUPRGHODJH2QO\IURQWWRIURQWFDUWRFDUFUDVKHVDUHLQFOXGHGZKHUHWKH
GLUHFWLRQRIIRUFHGXULQJWKHFROOLVLRQLVLQEHWZHHQDQGR¶FORFN0$,6KDVEHHQFDOFXODWHGRQ
WKHEDVLVRIWKHPD[LPXP0$,6RIDOORFFXSDQWVRIWKHVXEMHFWFDU%RWKFDUVDUHZLWKLQWRNJ
FXUEZHLJKWDQGDOOFROOLVLRQVKDYHFORVLQJVSHHGVEHORZNPK

)LJ&XPXODWLYHGLVWULEXWLRQRIFORVLQJVSHHGLQIURQWWRIURQWFROOLVLRQV
7KH FRPELQDWLRQ RI0'%PDVV DQG FORVLQJ VSHHG ZDV FRQILUPHG E\ D WHVW ZLWK DQ 2SHO $VWUD WR
UHSUHVHQWDGHVLUHGVHYHULW\OHYHOH[SUHVVHGLQ((6LQPLGVL]HFDUV&XUUHQWO\LQYHVWLJDWLRQVWHVWVDQG
VLPXODWLRQV IRUKHDY\9ROYR;&DQG OLJKW )LDW5HQDXOW7ZLQJRFDUVDUHRQJRLQJ LQRUGHU WR
FKHFNZKHWKHURUQRWWKHVHOISURWHFWLRQOHYHOLVVXIILFLHQWIRUKHDY\FDUVDQGWHVWVHYHULW\LVQRWWRRKLJK
IRUOLJKWFDUVUHVSHFWLYHO\7KHQHHGVWRFKDQJHWKHWHVWSDUDPHWHUVVXFKDVWUROOH\PDVVRUFORVLQJVSHHG
IRUOLJKWRUKHDY\YHKLFOHVWRDGMXVWWKHVHYHULW\DUHSDUWRIWKHLQYHVWLJDWLRQV

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
)LJ03'%WHVWZLWK+HDY\9HKLFOH
7KH 03'% ZLOO KDYH LGHQWLFDO DVVHVVPHQW SURFHGXUHV DV WKH 3'% ZLWK WKH GLIIHUHQFH RI LPSDFW
VHYHULW\UHODWHGWRYHKLFOHPDVV$KHDY\NJYHKLFOHH[SHULHQFHGDFUDVKRIVLPLODUVHYHULW\DVWKH
5 WHVW ZKLOH D  NJ YHKLFOH H[SHULHQFHG D PXFK KLJKHU WHVW VHYHULW\ DSSURDFKLQJ (XUR 1&$3
OHYHOV
7KHPDLQFRPSDWLELOLW\DVVHVVPHQWZLOOEHWKH3'%GHIRUPDWLRQWKHSRWHQWLDOPHWULFZLOOEHLGHQWLFDO
WR WKH 3'% PHWULF ,QYHVWLJDWLRQV DUH RQJRLQJ WR GHYHORS DGGLWLRQDO PHWULFV EDVHG RQ W\SLFDO 03'
SDUDPHWHUVVXFKDVWKHWUROOH\DFFHOHUDWLRQ
),0&$50RGHOOLQJ
,QRUGHU WRDVVHVV WKH LQIOXHQFHRIGLIIHUHQW WHVWSURFHGXUHVDQGPHWULFVRQFDUWRFDUFRPSDWLELOLW\D
KXJHVLPXODWLRQSURJUDPPH LVHQYLVDJHG+RZHYHU FDUWRFDU VLPXODWLRQVZLWKPRGHOVRIGLIIHUHQWFDU
PDQXIDFWXUHUVDUHDOPRVWLPSRVVLEOHEHFDXVHRIFRQILGHQWLDOLW\,QDGGLWLRQWKHGHWDLOHGPRGHOVRIWKHFDU
PDQXIDFWXUHUV DUH FRPSOLFDWHG WR RSWLPLVH IRU GLIIHUHQW DVVHVVPHQW SURFHGXUHV DQG DUH FRQVXPLQJ
FRQVLGHUDEOHFRPSXWDWLRQDOHIIRUWV,QRUGHUWRRYHUFRPHWKHVHSUREOHPVSDUDPHWULFFDUPRGHOV3&0
ZHUH EXLOW DOORZLQJ IDVW PRGLILFDWLRQV DQG H[LVWLQJ PRUH GHWDLOHG JHQHULF FDU PRGHOV *&0 ZHUH
RSWLPL]HG IRU VWUXFWXUDO LQWHUDFWLRQ DQDO\VLV %\ VLPSOLI\LQJ WKH PRGHOV FRPSXWDWLRQDO HIIRUWV DUH
UHGXFHG

)LJ$UFKLWHFWXUHRISDUDPHWULFFDUPRGHOV
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7KUHH GLIIHUHQW 3&0 UHSUHVHQWLQJ D VXSHU PLQL D ODUJH IDPLO\ FDU DQG DQ H[HFXWLYH FDU ZHUH
GHYHORSHG,QLWLDO WHVWUXQVDWGLIIHUHQWSDUWQHUVVKRZHGUHDVRQDEOHUHVXOWVJRRGQXPHULFDOVWDELOLW\7KH
IROORZLQJSLFWXUH)LJVKRZVWKHIURQWHQGVWUXFWXUHVRIWKHPRGHOV'XHWRWKHSDUDPHWULFGHVLJQLWLV
SRVVLEOHWRPRGLI\WKHPRGHOVLQDQHDV\DQGIDVWZD\7KHPRGHOVDUHGHOLYHUHGLQWKUHHFUDVKFRGHV/6
'\QD3$0&UDVKDQG5DGLRVLQRUGHUWREHXVDEOHDWDOO),0&$52(0


)LJ$UFKLWHFWXUDOYDULDQWVRIJHQHULFFDUPRGHOV
7KH*HQHULF&DU0RGHOV*&0PRGHOYLUWXDOFDUVWKDWUHSUHVHQWDQDYHUDJHUHDOFDURIWKHUHVSHFWLYH
FDWHJRU\ VXSHU PLQL VPDOO IDPLO\ FDU H[HFXWLYH FDU LQ D FRPSDUDEOH ZD\ WR WKH 2(0PRGHOV $OO
WRJHWKHUILYHGLIIHUHQWPRGHOVZHUHJHQHUDWHGVXSHUPLQLVVPDOOIDPLO\FDUVDQGRQHH[HFXWLYHDV
VKRZQLQ)LJ$JDLQ WKHPRGHOVZHUHWUDQVODWHGWRWKUHHGLIIHUHQW)(FRGHV/6'\QD3$0&UDVK
DQG 5$',266 7KHPRGHOV FDQ EH XVHG WR HYDOXDWH WKH EHKDYLRXU RI WKH FUDVK VWUXFWXUH HJ FUDVK
SXOVHGHIRUPDWLRQFKDUDFWHULVWLFVDQGLQWUXVLRQV)RUVXSHUPLQLDQGVPDOOIDPLO\FDWHJRULHVWZRPRGHOV
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ZHUHJHQHUDWHGLQHDFKFODVVLQRUGHUWRGHVFULEHWKHWZRPDLQDUFKLWHFWXUDOVWUXFWXUDOFDUYDULDQWVWKDWFDQ
XVXDOO\ EH IRXQG RQ WKH URDG LH ZLWK DQG ZLWKRXW D WKLUG ORDG SDWK LQ WKH IURQWDO IUDPH VWUXFWXUDO
HOHPHQWV EHORZ WKH PDLQ UDLOV WKH DYDLODELOLW\ RI ERWK VWUXFWXUDO VROXWLRQV LQ WKH *&0V LV LQ IDFW
LPSRUWDQWIRUWKHVWXG\RIFRPSDWLELOLW\LVVXHV
&RQFOXVLRQV2XWORRN
7KH ),0&$5 SURMHFW KDV GHYHORSHG D YHULILFDWLRQ SURFHGXUH WR JXLGH WKH ILQDO VHOHFWLRQ RI WHVW
SURFHGXUHV7KLVSURJUDPVSHFLILHVWKHW\SHVRIWHVWLQJVLPXODWLRQDQGRUDQDO\VLVWKDWFRQILUPWKHWHVW
SURFHGXUHVDGGUHVVVSHFLILFDVSHFWVRIFRPSDWLELOLW\7KHVHSURFHGXUHVZLOOEHDSSOLHGLQWKHILQDO\HDURI
WKHSURMHFWWRERWKVHOHFWWKHFDQGLGDWHVDQGILQDOL]HWKHLUDVVHVVPHQWFULWHULD
7KHFXUUHQWSURSRVDO IURP),0&$5LV WKDWD IXOOZLGWKDQGRIIVHW WHVWSURFHGXUHZLOO EHGHYHORSHG
WRJHWKHU DV D FRPSDWLELOLW\ DVVHVVPHQW DSSURDFK %DVHG RQ DYDLODEOH WHFKQLFDO GDWD ),0&$5 KDYH
GHFLGHG WR FRPELQH WKH ):'% WHVW ZLWK FRPSDWLELOLW\ PHWULFV DQG FXUUHQW 2'% WHVW ZLWKRXW
FRPSDWLELOLW\ PHWULFV WR IRUP WKH ),0&$5 IURQWDO LPSDFW DVVHVVPHQW DSSURDFK 7KLV FRPELQDWLRQ LV
FDSDEOH WR DGGUHVV DOLJQPHQW RI VWUXFWXUHV FRPSDUWPHQW VWUHQJWK LVVXHV DQG LQMXULHV UHVXOWLQJ IURP
DFFHOHUDWLRQ ORDGLQJ +RZHYHU LW ZLOO QRW DGGUHVV LVVXHV UHVXOWLQJ IURP YHUWLFDO DQG KRUL]RQWDO ORDG
VSUHDGLQJLQDQRSWLPDOZD\7KDWPHDQVWKDWIXWXUHLPSURYHPHQWVRIWKH),0&$5DSSURDFKIRUFDUVZLOO
VWLOO EH SRVVLEOH ,W VKRXOG EH QRWHG WKDW ZRUN WR GHYHORS FRPSDWLELOLW\ PHWULFV IRU WKH 3'% WHVW ZLOO
FRQWLQXHZLWKLQ WKH SURMHFW EHFDXVH WKH ),0&$5PHPEHUV EHOLHYH WKDW WKH 3'% WHVW KDV SRWHQWLDO IRU
FRPSDWLELOLW\DVVHVVPHQWLQWKHORQJHUWHUP
7KHILQDO),0&$5DVVHVVPHQWDSSURDFKSURSRVDOLQFOXGLQJILQDOLVHGFRPSDWLELOLW\PHWULFVLVH[SHFWHG
WREHSXEOLVKHGLQDXWXPQ
$FNQRZOHGJHPHQWV
7KHSDSHU LVZULWWHQRQEHKDOIRI WKHPHPEHUVRI WKH),0&$5SURMHFW7KH),0&$5SURMHFW LVFR
IXQGHG E\ WKH (XURSHDQ &RPPLVVLRQ XQGHU WKH WK )UDPHZRUN 3URJUDPPH *UDQW $JUHHPHQW QR
7KHPHPEHUVRIWKH),0&$5FRQVRUWLXPDUH7HFKQLVFKH8QLYHUVLWlW%HUOLQ%XQGHVDQVWDOWIU
6WUDHQZHVHQ &KDOPHUV WHNQLVND KRHJVNROD $% &HQWUR 5HFHUFKH )LDW 6&S$ 'DLPOHU $* ),$7
*URXS $XWRPRELOHV 6SD +XPDQHWLFV *PE+ ,$7 ,QJHQLHXUJHVHOOVFKDIW IU $XWRPRELOWHFKQLN PE+
,',$'$$XWRPRWLYH 7HFKQRORJ\ 6$ $GDP2SHO *PE+ 3HXJHRW &LWURsQ $XWRPRELOHV 6$ 5HQDXOW
VDV 712 75/ /LPLWHG 87$& 9ROYR &DU &RUSRUDWLRQ 9RONVZDJHQ $* 7h9 5KHLQODQG 712
$XWRPRWLYH,QWHUQDWLRQDO%9
)XUWKHULQIRUPDWLRQLVDYDLODEOHDWWKH),0&$5ZHEVLWHZZZILPFDUHX
7KLV SDSHU XVHG DFFLGHQW GDWD IURP WKH 8QLWHG .LQJGRP &RRSHUDWLYH &UDVK ,QMXU\ 6WXG\ &&,6
FROOHFWHG GXULQJ WKH SHULRG  &&,6 ZDV PDQDJHG E\ 75/ /LPLWHG RQ EHKDOI RI WKH 'I7
7UDQVSRUW7HFKQRORJ\DQG6WDQGDUGV'LYLVLRQZKRIXQGHGWKHSURMHFWDORQJZLWK$XWROLY)RUG0RWRU
&RPSDQ\1LVVDQ0RWRU&RPSDQ\DQG7R\RWD0RWRU(XURSH3UHYLRXVVSRQVRUVRI&&,6KDYHLQFOXGHG
'DLPOHU&KU\VOHU /$%5RYHU*URXS/WG9LVWHRQ9ROYR&DU&RUSRUDWLRQ'DHZRR0RWRU&RPSDQ\
/WGDQG+RQGD5	'(XURSH8./WG'DWDZDVFROOHFWHGE\WHDPVIURPWKH%LUPLQJKDP$XWRPRWLYH
6DIHW\&HQWUHRIWKH8QLYHUVLW\RI%LUPLQJKDPWKH7UDQVSRUW6DIHW\5HVHDUFK&HQWUHDW/RXJKERURXJK
8QLYHUVLW\75//LPLWHGDQGWKH9HKLFOH	2SHUDWRU6HUYLFHV$JHQF\RIWKH'I7
)XUWKHULQIRUPDWLRQRQ&&,6FDQEHIRXQGDWKWWSZZZXNFFLVRUJ
7KH ),0&$5 GHYHORSPHQW RI ):5%PHWULFV ZDV VXSSRUWHG E\ -0/,7 DQG1DJR\D8QLYHUVLW\ E\
SURYLVLRQRIPHWULFFRQFHSWVDQG-1&$3WHVWGDWDZLWKJHRPHWULFDOGDWDRIFDUV¶VWUXFWXUHV0HPEHUVRI
WKH),0&$5SURMHFWZDQWWRWKDQN-0/,7DQG1DJR\D8QLYHUVLW\IRUWKHLUFRQWULEXWLRQ
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